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1）从东海海水样品中分离得到 48 株海洋细菌，其中两株菌 LP-10 和 GA-5 能够
高效裂解球形棕囊藻细胞（溶藻活性达到 80%以上），经序列分析两者的 16S 
rDNA 序列与芽孢杆菌属（Bacillus）的相似性达到 99%，结合菌株的形态特
征，确定二者均属于 Bacillus。 
2）以菌株 LP-10 进行后续研究，发现菌株 LP-10 对球形棕囊藻的溶藻效应呈现
出浓度依赖和时间依赖，并且菌株在不同生长阶段的溶藻活性有着显著差异，
其中稳定期菌液表现出的溶藻活性最高。菌株 LP-10 除了能够裂解球形棕囊
藻外，还能够抑制其它 5 种藻，分别为 Alexandrium catenella, A. tamarense, A. 
minutum, Prorocentrum micans 和 Asterionella japonica，其中有 4 种属于有害
甲藻，表现出一定的特异性。菌株 LP-10 对球形棕囊藻的裂解作用不需要直
接接触藻细胞，而是通过产生胞外活性物质间接作用于目标藻细胞。 
3）菌株 LP-10 能够刺激藻细胞内部 ROS 含量迅速变化积累，细胞内部的氧化水























因 psbA 和 rbcS 的表达也有强烈的抑制作用，PSII 反应中心蛋白 D1 的变化
也显示，处理后的藻细胞受到了强烈的光抑制作用。这些都表明菌株 LP-10
对藻细胞的光合系统具有重要的破坏作用。 
5）对菌株 LP-10 的培养基成份及培养条件进行优化，得到菌株 LP-10 的最佳培
养基培养组合为：乳糖 0.5%，酵母粉 1.5%，NaCl 0.3%，最佳培养条件为：




















With the rapid urbanization and industrialization, marine pollution has become a 
global environmental problem. Harmful algal blooms, one of marine environmental 
disasters, have brought about huge loses to human. Researches on controlling the 
blooming of the harmful algae have become an urgent work for scholars. Biological 
methods, especially microbiological methods, to control or mitigate the harmful algal 
blooms have become researches’ priority. 
In our study, a batch of strains were isolated from surface seawater of East China 
Sea, with high algicidal activity against a harmful algae Phaeocystis globosa. One of 
which, strain LP-10, was chosen for further analysis. Subcellular structure, 
physiological activity, gene expression and protein translation of target algal cells were 
investigated in this study. Furthermore, the culture medium and culture conditions for 
strain LP-10 were optimized for future application. Our work will provide supports for 
the future development of algicidal applicable products. Main conclusions obtained in 
this study are listed below: 
1) Two isolates with high algicidal activity to P. globosa were obtained, namely LP-
10 and GA-5. 16S rDNA sequences of both strains shared 99% similarity with 
Bacillus. Combined with the morphologyical observation, strain LP-10 and GA-5 
were identified as genus Bacillus.  
2) Strain LP-10 was chosen for further study. We found the algae-lysing effect of LP-
10 to P. globosa was concentration- and time-dependent. Algicidal activities of 
bacterial cultrures at different growth phases varied significantly, it is at stable phase 
that LP-10 showed the highest algicidal activity. Apart from P. globosa, strain LP-
10 could also lysed five other algal species, among which four algal species 
belonged to dinoflagellate that could cause harmful algal blooms. This implied that 
the algicidal effect of LP-10 may be species-specific to some extent. LP-10 was 

















was expected from the active compounds produced by strain LP-10.  
3) The intracellular ROS content rised rapidly during a short time. And antioxidant 
system of algal cells, including SOD, POD, CAT, GSH responsed to the 
environmental stress. Soluble protein and carbohydrate of algal cells were observed 
to decrease obviously. Furthermore, the cell membrane integrity was destroyed and 
the membrane system of algal cells was assumed to suffered serious oxidative 
damage. Cell structure changes, including intracellular organelles becoming loose, 
thylakoid membrane becoming sparse, the cell inclusion was released, the cell 
volume swollen etc, indicated the normal function of algal cells have been 
destructed by strain LP-10. 
4) Not only the photosynthesis pigments were destructed, but also the maximum 
quantum yield (Fv/Fm) and the relative electron transport rate (rETR) decreased 
rapidly after algal cells were treated. These suggested that the photosynthesis 
capacity and efficiency of algal cells were inhibited. Gene expression profiles of 
psbA and rbcS, two important photosynthesis genes, revealed the expression of both 
genes were inhibited at 24h. The content of reaction centre protein D1 of PSII was 
also decreased after algal cells were treated. Our results suggested that 
photoinhibition was undertaken in algal cells and strain LP-10 may be involved in 
the blocking of the de novo synthesis of protein D1, which lead to the dysfunction 
of photosynthesis system and algal cell lysis. 
5) The medium components and culture conditions of strain LP-10 were optimized 
and the optimal culture medium components were: lactose 0.5%, yeast extract 1.5%, 
NaCl 0.3%, and the optimal culture conditions were: pH 7.5, temperature 24 ℃, 
rotation speed 150 rpm, culture time 5d, innoculation propotion 3% and loading 
volume 100 mL. 
 


















我国是一个海洋大国，拥有长达 1.8 万公里的海岸线和 300 万平方公里的管
辖海域，海洋资源十分丰富[1]。海洋经济是国民经济的重要组成部分，《2013 年








成当地海上养殖鲍鱼大量死亡，直接经济损失超过 2.2 亿元。 
 
 
图 1.1 2008-2013 年我国海域的赤潮发生次数 

















图 1.2 2008-2013 年我国海域的赤潮发生累积面积 
Fig 1.2 Total area of HABs in China sea aera during year 2008-2013 
 
2014 年 3 月，国家海洋局发布《2013 年中国海洋环境状况公报》，《公报》
显示，我国 2013 年全年共发生赤潮 46 次，累计影响面积 4070 平方公里。这虽
然为近 5 年最低，但仍然处于较高水平。2009-2013 年平均赤潮次数达 70 次，平
均赤潮面积高达 8000 平方公里[3]。 
赤潮的频繁爆发，深刻地影响着我国海洋经济的发展。据统计，2013 年我国
发生的赤潮等海洋灾害造成的直接经济损失高达 163.48 亿元，导致 121 人死亡

























图 1.3 全球范围内赤潮爆发地点分布（截止 1970 年和 2009 年） 
Fig 1.3 The global distribution of HABs in the world (Year1970 and 2009) 
(Sourse：U.S. National Office for Harmful Algal Blooms) 
1）爆发次数日趋频繁 
根据对国家海洋局公布的数据分析显示，1988 年之前的 50 年中，我国管辖
海域内赤潮灾害年平均发现次数仅为 1.8 次，直至 1990 年才首次出现峰值，年
均 38 次，影响面积约 19900 平方公里；1991 年之后，进入了平台期，年均发现




















图 1.4 2009-2013 年我国海域赤潮频次与面积的月份分布[3] 






月，占全年发现赤潮次数的 74%（图 1.4）[3]。 
据国家海洋局的统计数据显示，2013 年我国管辖海域监测到的赤潮中，东海
海域爆发次数最高，为 25 次，累积影响面积 1573 平方公里。这也与之前的统计
结果一致：1998-2011 年，我国四大海域平均赤潮爆发频率为渤海 9 次/年、黄海


























图 1.5 2013 年我国海域赤潮与优势生物种类分布[3] 
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